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Evaluation of Urinary Protein Precipitation Protocols for the Multidisciplinary
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Standardization of sample collection, shipping, and storage has been a major focus of biorepositories
servicing large, multi-institute studies. The standardization of total protein concentration measurements may
also provide an important metric for characterizing biospecimens. The measurement of total protein
concentration in urine is challenging because of widely variable sample dilutions obtained in the clinic and
the lack of a reference matrix for use with a standard curve and blank subtraction. Urinary proteins are
therefore typically precipitated and reconstituted in a reference solution before quantitation. We have tested
three different methods for protein precipitation and evaluated them using variability in total protein
concentration measurement as a metric. The methods were tested on four urine samples ranging from very
concentrated to very dilute. A method using a commercially available kit provided the most reproducible
results, with average coefficients of variation <10%. Addition of a freeze/thaw did not lead to significant
protein loss or additional variability. Samples were titrated and the measurements obtained appeared to be
linearly correlated with sample starting volume. This method was applied to analysis of 77 urine biorepository
samples and provided reproducible results when the same sample was assayed on different microwell plates.
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INTRODUCTION

One of the biggest challenges in conducting translational
research has been the lack of sufficient quantities of suitable
biopsy tissue or uniformly handled serum and urine speci-
mens to allow objective monitoring of histologic, serologic,
and/or molecular changes associated with disease progres-
sion or therapeutic intervention. Large-scale, multi-insti-
tute studies and associated biorepositories have emerged to
address this need. By standardizing sample collection, ship-
ping, and storage, biorepositories provide researchers op-
portunities to use well-characterized samples from large
cohorts to discover and characterize unique phenotypicand
molecular biomarkers for disease progression that may
provide targets for clinical intervention.'™

Urine is an attractive biospecimen for biomarker dis-
covery. Comprised primarily of shed cells, debris, and
secreted components from the urinary tract, as well as
blood components that have passed through glomerular
filtration and renal tubule reabsorption, urinary compo-
nents may reflect local renal or urogenital disease, as well as
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more systemic alterations in distant organs. Urinary bio-
specimens are typically plentiful, can be obtained noninva-
sively and repeatedly sampled, and have less complexity
than blood-derived biospecimens.® With the advent of
modern, highly sensitive mass spectrometers, proteomics
approaches have been used extensively for biomarker dis-
covery in urine. Initial methods optimization efforts cen-
tered on one- or two-dimensional (1D or 2D, respectively)
gel electrophoresis approaches,”'* where techniques for
protein concentration and removal of salts and other con-
taminants from urine were evaluated using spot resolution
and number of proteins identified as metrics. More re-
cently, highly accurate mass spectrometers and liquid chro-
matography (LC)-based approaches have been used. Here,
the metrics have typically been proteome coverage®”-'?~1¢
or quantitation of individual proteins using label or label-
free methods.'” !

Notwithstanding urine’s advantages, the composition
and the concentration of components within urine are
influenced by a number of factors, such as hydration and
elimination frequency, which are not easily controllable
within the clinical setting.22 Therefore, it is extremely
important to normalize the samples in order to make
meaningful comparisons among subjects. Creatinine con-
centration has long been used for normalization of analyte
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concentrations in urine, particularly for toxicology analysis.
However, creatinine levels can be influenced by age, gen-
der, ethnicity, diet, exercise, body mass index, muscle mass,
medications, tubular secretions, and glomerular filtration
rate.'”* For proteomics applications, total protein con-
centration of the samples, obtained using Bradford or bi-
cinchoninic acid (BCA) assays, is more typically used to
equalize sample “loading” conditions before sample pro-
cessing or mass spectrometric analysis. As urine samples do
not have a reference matrix, samples are generally precipi-
tated®”' 131521 or buffer exchanged'” to obtain an accu-
rate measure of total protein concentration. In proteomics
studies, most optimization efforts evaluated the utility of
different approaches using an endpoint such as the number
of proteins that could be identified.®'® However, to the
best of our knowledge, these studies did not investigate
total protein concentration as a possible metric. Variability
in total protein concentration, as a result of sample prepa-
ration, could lead to erroneous conclusions, particularly
when pooled samples or small sample sets are analyzed.
The goal of this study was to evaluate urinary protein
precipitation methods to use for preparing samples for
obtaining total protein concentration measurements.
The selected method will be used to characterize bioreposi-
tory samples in a uniform manner; additionally, protein
concentration values will be archived and available for
researchers who wish to use samples collected by the Multi-
Disciplinary Approach to the Study of Chronic Pelvic Pain
(MAPP) Research Network for biomarker discovery.

MATERIALS AND METHODS
Reagents

Eighty percent TCA was obtained from High Valley
Chemical (Centerville, UT, USA). Acetone was purchased
from Sigma-Aldrich (St. Louis, MO, USA). 2D Clean-up
Kits were acquired from Thermo Scientific (Rockford, IL,
USA). Axygen Maximum Recovery tubes (VWR, Radnor,
PA, USA) and GeneMate ultimate low-retention pipette
tips (ISC BioExpress, Kaysville, UT, USA) were used to
reduce variability resulting from protein binding to the
plastic. A BCA assay kit was obtained from Thermo Scien-
tific and a DetectX Creatinine Urinary Kit was purchased
from Arbor Assays (Ann Arbor, MI, USA).

Samples

Clean-catch urine samples for methods development were
obtained from male and female adult volunteers using an
Institutional Review Board-approved protocol at the Uni-
versity of Colorado Anschutz Medical Center. This project
has been approved by the Colorado Multiple Institutional
Review Board, and all human subjects participating in this
study provided informed consent. Samples were frozen at
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—80°C, thawed for 3 h at room temperature, and then
centrifuged at 3000 g for 10 min at 4°C to remove debris.
Supernatants were divided into 1-3 mL aliquots and stored
at —80°C for one time use. Initial development was per-
formed on four samples, which based on color, appeared to
range from very dilute to very concentrated; we subse-
quently used fairly dilute samples from two male and one
female donor for scaling studies. The optimized method
was tested on 77 samples stored in the Tissue Analysis and
Technology Core (TATC) biorepository that were col-
lected by MAPP Network Discovery Sites. Three of those
samples were analyzed twice on different plates to assess

reproducibility.

Protein Precipitation

Protein precipitation is generally carried out using salts,
organics, or pH change. TCA and acetone are often used
for protein precipitation in urine and were used by MAPP
Network Discovery Site researchers performing proteomics
experiments. Therefore, we compared methods provided
to us by two of the network laboratories with the use of a
commercial kit for protein precipitation which had worked
effectively for other applications in our core facility. Urine
(1-3 mL aliquot) was thawed at room temperature and
vortexed until no precipitate was present.

Method 1

Eighty percent TCA (1:10 v/v) was added to thawed urine
and samples were incubated on ice for 1 h. Samples were
then centrifuged at 10,000 ¢ for 15 min at 4°C. The
supernatant was discarded and the pellet resuspended in 1
mL ice-cold acetone. Samples were incubated at —20°C for
30 min. Following centrifugation at 14,000 ¢ for 15 min at
4°C, the supernatant was removed and pellets washed twice
with 1 mL ice-cold acetone, centrifuging each time at
14,000 g for 15 min at 4°C. Washed pellets were resus-
pended in ice-cold acetone and incubated at —20°C over-
night. In the morning, samples were centrifuged at 14,000
¢ for 15 min at 4°C, supernatant was removed, and pellets
were allowed to air dry before reconstitution in 100 mM
ammonium bicarbonate.

Method 2

Thawed urine samples were chilled on ice for 15 min.
Ice-cold, 80% TCA (1:10 v/v) was added to thawed urine
and samples were incubated on ice for 1 h or up to 3 days at
—20°C. Samples were then centrifuged at 14,000 ¢ for 15
min at 4°C. Supernatants were removed and 100 uL ice-
cold acetone was used to resuspend pellets. Following a 5
min incubation on ice, samples were centrifuged at 14,000
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gfor 15 min at 4°C. Supernatants were removed and pellets
allowed to air dry before resuspension in 100 mM ammo-
nium bicarbonate.

Method 3

Urine was thawed, and 1 mL aliquots were vacuum centri-
fuged to dryness. Samples were resuspended in 100 ul water
by repeated pipetting and placed on ice. A 2D Clean-up Kit
was used for precipitation following the manufacturer’s
directions, with the exception of incubating in wash buffer
overnight at —20°C. In the morning, samples were vor-
texed for 30 s and centrifuged at 12,000 g for 5 min at 4°C,
supernatant was removed, and pellets were air dried. Sam-
ples were reconstituted in 100 mM ammonium bicarbon-
ate by sonicating for 5 min at room temperature.

Protein Quantitation

Following precipitation and reconstitution, total protein
concentration was assessed using the BCA assay, following
the manufacturer’s instructions. Colorimetric changes
were measured using a wavelength of 562 nm with blank
subtraction with a Synergy H1 microplate reader. Urine
samples were reconstituted initially in a minimal volume
(30 uL). Samples were tested on Parafilm by using 1 ul of
sample mixed with 40 ul of BCA working reagent. If a
purple color was evident immediately, the urine was di-
luted and retested until only a slight purple color appeared
(Fig. 1) Following appropriate dilution, 5 ul of sample were
used for quantitation in each well. A multichannel pipettor
was used to reduce loading variability, and samples were
measured in triplicate.

FIGURE 1

The rapid appearance of a color change for urine samples in BCA
working solution facilitated determination of suitable sample dilution
volumes. This allowed for detection of a majority of samples within
the limits of the assay and reduced the need for repeated analysis of
out-ofrrange samples. The immediate color change appears to be
specific to urine samples and was not observed for plasma samples
processed in an identical manner.
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Creatinine Measurements

A 10-uL aliquot of thawed urine was removed and used
immediately or stored at —20°C until used. Samples were
diluted and incubated following the manufacturer’s in-
structions and a colorimetric change measured at 490 nm.

Data Analysis

Data were analyzed with GraphPad Prism V5. A Mann-
Whitney two-tailed #test or a one-way ANOVA (Kruskal-
Wallis test) was used to compare among conditions. Signif-
icance resulted for P < 0.05.

RESULTS
Generation of Pellets

Four trials were performed using each method, and gener-
ation of a precipitated pellet was visually assessed for each
sample. Visible pellets likely consisted of salts, as well as
precipitated protein, and pellets obtained using Method 3
may have included detergent as well. Three replicates were
typically used for each sample; therefore, 12 assays were
performed/trial, and 48 assays were attempted/method.
Method 1 did not generate any visible pellets; Method 2
generated pellets that were visible in 31 of the 48 assays,
generally for only the two most concentrated samples; and
Method 3 generated visible pellets in all 48 assays. Relative
pelletsize, determined by inspection, appeared to be similar
among multiple preparations only for Method 3. With the
use of Methods 1 and 2, attempts to incubate samples
overnight in TCA led to sample discoloration (a brownish
tinge was observed) and interference with the BCA assay.
Method 3 implemented following the manufacturer’s in-
structions yielded pellets for all samples; however, the ap-
proximate pellet size, determined by inspection, appeared
to be more reproducible when samples were allowed to
incubate overnight.

Measurement Variability

Samples from four different donors were assayed using each
of the methods. At least three technical replicates were
performed/method, and all measurements were made in
triplicate. Figure 2 plots the average total protein concen-
tration obtained for each of the donors using each of the
methods. Visual inspection by color suggested that urine
from Donors 1 and 4 was highly concentrated (deep yellow
color), urine from Donor 3 was much more dilute (pale
yellow color), and urine from Donor 2 was extremely dilute
(clear). Protein concentrations obtained using Method 3
support the visual evaluation. Average concentrations ob-
tained using Methods 1 and 2 were extremely variable
compared with those obtained using Method 3. The nor-
malization with creatinine yielded similar results (Supple-

JOURNAL OF BIOMOLECULAR TECHNIQUES, VOLUME 25, ISSUE 4, DECEMBER 2014



JONSCHER ET AL. / URINARY PROTEIN PRECIPITATION

8. @ Donor1
= W Donor2
g [ J A Donor3
g’ 6+ @ Donor4
c
i}
5§ M
k] [ ]
8
§ 21 d
" I  ®
[=}
.3
2 0Hleo=mwe - p— "
a

o

=L

Method 1 Method 2 Method 3
FIGURE 2

Protein concentration measurements obtained following three different
methods of protein precipitation were compared using sample from
four different donors. Method 1 did not produce visible pellets, and the
resultant protein concentrations measured were below the standard
curve and calculated by extrapolation. Replicate measurements were
obtained on different days for each of the methods. Method 1, n = 3;
Method 2, n = 4; Method 3, n = 9.

mental Fig. 1). Although Method 2 appeared to precipitate
more protein than Method 3 for some donors, the wide
variability in concentration measurements/donor, plotted
in Fig. 2, suggests that Method 3 may reflect the actual
protein concentration more accurately than Method 2.

As Donor 2 urine was the most dilute, it was reconsti-
tuted in 30 uL ammonium bicarbonate and was not diluted
further; therefore, repeated measures of this sample on
different days should show the least amount of variability.
Plotted in Figure 3A is a comparison of the average coeffi-
cients of variation (CVs) for measurements of Donor 2
protein concentration using the three different methods.
These CVs were obtained from three technical replicates/
data point. Additionally, protein concentrations and CVs
obtained over a 7-month period from several different

A
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aliquots of Donor 2 urine (Figs. 3B and C) using Method 3
suggest that this method provided the least amount of
variability and the most measurement consistency.

Effect of Freeze/Thaw

With the use of Method 3, analysis of samples from Donors
1, 3, and 4 undergoing one or two freeze-thaws showed
only slight but significant differences in protein concentra-
tion (Fig. 4A) and no significant difference in measurement
variability (Fig. 4B) for doubly thawed samples compared
with singly thawed samples.

Scalability of the Method

Using Method 3, sample from one donor was separated
into 1000, 500, and 250 ul aliquots and total protein
concentration measured. Scaled average concentrat-
ions from triplicate measurements are summarized in
Table 1. The measured concentrations were multiplied by
the relative dilution factor (one, two, or four, respectively)
to obtain the calculated concentrations tabulated, normal-
ized to a 1-mL sample. The average CV reflects the com-
bined variation of nine separate measurements for each
volume of sample. As might be expected, the samples with
the smallest starting volume (i.e., the most dilute) exhibited
the greatest variability. Differences from the expected ratio
ranged *£14%, on average, suggesting the method is scal-
able. MicroBCA was used for this quantitation, which
provided slightly more reproducible results than the BCA
method; however, differences were not significant (Supple-
mental Fig. 2).

Plate-to-Plate Reproducibility

Method 3 was used to obtain protein and creatinine con-
centrations for 77 samples collected by the MAPP Network
Discovery Sites and stored in the TATC biorepository.
Three different samples were chosen randomly for repeat
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(A) Average CV of protein concentration of Donor 2 urine from three technical replicates/data point. Comparison of
measurement variability among the methods revealed that Method 3 provided the most consistent results. Method 1,
n = 5; Method 2, n = 4; Method 3, n = 8. With the use of Method 3, different aliquots of Donor 2 urine were measured
over several months using different kits. (B) Protein concentration measurements and (C) variability were plotted.
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FIGURE 4

Comparison of samples that were thawed and processed immediately (“Fresh”) with those that were thawed, refrozen
during processing, then rethawed, and measured (“Thawed”). (A) Protein concentration measurements from three
different donors, measured on the same day, show a slight but significant decrease in protein concentration of doubly
thawed samples compared with singly thawed samples. (B) Average CV of protein concentration measurements from
three different donors, measured on the same day, reveals no significant increase in variability when samples undergo an
additional freeze-thaw. A Mann-Whitney two-tailed t-test did not yield a significant P value for individual donor

comparisons or the grouped comparison plotted here.

analysis on two different microwell plates. Results from two
of the samples are summarized in Table 2. The measured
protein concentrations were found to vary by 5-7% be-
tween plates (note that the first 3 measurements reported
for each sample were from plate 1 and the last three were
from plate 2). Variance in measurement within the plate
ranged from 2% to 6% for these samples. Plotted in Fig. 5
are the measured creatinine and protein concentrations for
the biorepository samples. Average concentrations were not
significantly different between male and female subjects for
either measure, although subsequent stratification revealed
that creatinine levels were decreased significantly in men

with high pelvic pain scores (Supplemental Fig. 3).

DISCUSSION
The measurement of total protein concentration in urine

allow for more accurate measures of total protein concen-
tration, improving the reliability of downstream tests.
However, precipitation is not always straightforward, and
protein loss may result from incomplete precipitation and
difficulty with resolubilization. In this work, we compared
variability in measurement of total protein concentration
in urine obtained following protein precipitation using
TCA/acetone or the 2D Clean-up Kit, modified by adding
an overnight incubation in organic wash buffer. Samples
from four donors, ranging from very concentrated to very
dilute, were used to establish conditions that would be
appropriate for a wide range of urine biospecimens. Al-

TABLE 2

Plate-to-Plate Reproducibility for Biorepository Samples

can be challenging as a result of the variability in dilution Sample Concentration (mg/ml) Sp cv %)
and the lack of a reference matrix. Precipitating proteins URI0000374
and resolubilizing them in a common, well-defined matrix 0.0510
that is also used for a calibration curve may potentially 0.0528
0.0519
0.0463
TABLE 1 0.0440
Calculated Protein Concentration (mg/mL) for Three Replicate 0.0479
Experiments Scaled to a |-mL Starting Volume Average 0.0490 0.0035 7%
1000 ul 500 ul 250 ul URI0002140
0.0764
Experiment 1 0.0233 0.0255 0.0207 0.0857
Experiment 2 0.0212 0.0219 0.0270 0.0846
Experiment 3 0.0218 0.0247 0.0225 0.0790
Average 0.0221 0.0240 0.0234 0.0787
SD 0.0011 0.0019 0.0032 0.0838
cv 5% 8% 14% Average 0.0814 0.0038 5%
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FIGURE 5

Method 3 was used to measure protein concentrations from 77
biorepository samples. Neither creatinine (upper) or protein (lower)
concentrations were significantly different for men (n=37) versus
women (n=40) participating in the study.

though many different methods for precipitating proteins
have been compared, as described in more detail below, we
wished to use approaches that were being used by the
MAPP network laboratories for urinary proteomics sample
preparation so that the samples would be analyzed in a
similar fashion throughout the network.

In our hands, TCA/acetone precipitation, a very com-
mon method reported in the literature*® and the basis for
the protocols provided to us, did not reliably generate
reproducible pellets that could be resolubilized to obtain
total protein concentrations with low variability. Method 1
used a short incubation in 80% TCA at room temperature,
as well as an overnight incubation with ice-cold acetone.
We found this method to be the least effective in precipi-
tating protein. Method 2 used a long incubation in ice-cold
80% TCA with a short incubation in ice-cold acetone. We
investigated incubating overnight, over the weekend, and
incubation for 6 days in TCA. Pellets were observed for all
but the most dilute sample (Donor 2), and the lowest CVs
were obtained when incubating over the weekend. How-
ever, samples took on a brown color following overnight
incubation in TCA; this color deepened the longer the
samples were incubated, suggesting the potential for the
generation of artifacts or degradation products that might
interfere with downstream proteomics approaches. Al-
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though this method yielded the highest protein concentra-
tions in some cases, the worrisome color change and the
large measurement variation discouraged its use. TCA is
used routinely for protein precipitation; however, it has
been shown to be less effective in precipitating unfolded
states of proteins.”* This may be a particular problem when
dealing with urinary proteins, where urea present in the
matrix may have a denaturing effect.

In the present study, the most reproducible measure-
ments were obtained using the 2D Clean-up Kit following
the manufacturer’s protocol, but with an overnight incu-
bation in wash buffer added. Pellets were observed for all
samples and the CV values were very consistent, typically
averaging <10% from run to run. CVs were well below 5%
for sample from Donor 2, which did not require further
dilution. We also did not see significant loss when samples
were subjected to an additional freeze-thaw (recapitulating
results reviewed by Thongboonkerd).”> Although mean
protein concentration values were lower for thawed sam-
ples, the difference was not significant and no additional
variance was observed (Fig. 4). It should be noted that the
range of measured concentrations was more broad for
samples subjected to an additional freeze/thaw and was also
increased for less concentrated samples, such as that from
Donor 3 (Supplemental Fig. 4), although not significantly.
Measurement of raw urine samples provided extremely
variable results—CV of 34% for Donor 3 urine and 170%
for Donor 4 urine—suggesting that some type of process-
ing may be necessary to obtain reliable protein concentra-
tion measurements in urine when BCA is used. It should be
noted that processing is not used within a clinical setting to
assess proteinuria, where turbimetry and dye binding have
been reported to yield very precise results (<3% CV).®
However, proteomics analyses require sample cleanup;
therefore, such approaches were not used in our study.

Although some components of the 2D Clean-up Kit
are proprietary, they consist of a precipitant with ~10%
TCA in a salt buffer and an acetone wash buffer. The
addition of a coprecipitant, which includes sodium carbon-
ate and sodium deoxycholate monohydrate, appears to
enhance the protein precipitation process; the proprietary
wash additive aids in resolubilization. We found that the
initial pellets formed after addition of the precipitant and
the coprecipitant were fairly stable in urine, and the super-
natant could be easily removed without losing parts of the
pellet. In contrast, pellets from plasma samples (5 ul),
prepared in an identical manner, tended to loosen quickly.
Great care had to be taken so as not to lose sample when
removing supernatants when processing the plasma sam-
ples. In our hands, pellets from very concentrated samples
were more difficult to resolubilize in 100 mM ammonium
bicarbonate after drying. We resorted to placing those
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samples in an ultrasonicator for 5-10 min and followed up
by repeated pipetting to dissolve the pellets completely.
Those from dilute samples were very easy to resolubilize
with only a few steps of repeated pipetting. Plasma samples,
with far more protein content than is present in urine
samples, were much more difficult to resolubilize and often
required several steps of sonication and repeated pipetting.
In our experience, pellets were easy to resolubilize in a
buffer for 1D or 2D gel electrophoresis; however, we chose
ammonium bicarbonate so the method would be immedi-
ately compatible with downstream LC-tandem mass spec-
trometry (MS/MS) analyses. It is possible that another
buffer choice, such as Tris, might yield different results.
In this study, we focused on developing a method for
reproducibly obtaining protein concentration measure-
ments for urine samples. However, we did not follow up
this work with subsequent experiments to evaluate pro-
teome coverage or quantitation, as other studies have done.
This was because the use of precipitation approaches re-
ported in the literature appears to vary depending on the
downstream analytical method and any subsequent sam-
ple fractionation. Most generally, sample processing ap-
proaches used in prior optimization studies used ultrafiltra-
tion, with or without depletion of albumin, or protein
precipitation. For example, Lee et al.'” found no significant
difference between ultrafiltration and precipitation with
90% ethanol when limited proteome coverage was assessed
using GeLC/MS/MS, whereas Afkarian et al.® observed
that ultrafiltration resulted in a loss of 70-75% of the
sample and increased variability compared with precipita-
tion. Bakun and coworkers'® used a 10-kDa MW cutoff
filter and observed poor correlation of iTRAQ and selected
reaction monitoring ratios for a limited set of proteins,
likely as a result of variability introduced by the additional
steps of sample handling for the iTRAQ experiments.
Some groups reported improvements gained by immu-
nodepleting albumin,'®?° whereas others reported no sig-
nificant difference.® Precipitation approaches were also
quite varied, with TCA,”'*?! acetone,?”?? methanol,’ or
ethanol®'? used as precipitating agents; only one study
performed a comparison, which was between methanol and
ethanol.® Virtually all of the studies cited above used met-
rics, such as number of spots on a 2D gel or number of
proteins identified by LC-MS/MS, to assess the efficacy of
method optimization; total protein concentration values
were typically not reported. Therefore, a comparison be-
tween our observation and other reported studies is not
completely straightforward. It is possible that proteome
coverage analysis would reveal deficiencies in the use of our
current method based on the 2D Clean-up Kit for urine,
and it would be informative to determine whether the kit
yields biased proteome coverage results for 2D gel or LC-
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based analyses. However, that is beyond the scope of our
current study. Notwithstanding, it is important to note
that we have used this kit for preparation of other biofluids,
such as cervico-vaginal fluid for downstream LC-MS-based
proteomics analyses,”” and detected many of the same
proteins reported in other studies.

An important characteristic of a biorepository sample
is its total protein concentration, which when measured
uniformly for all samples, can be used by individual re-
searchers for normalization of results and for multi-insti-
tute studies, enabling data comparison across a research
network. We have developed a highly reproducible, scal-
able and sensitive method for precipitating urinary proteins
in biorepository samples. A surprising aspect of our method
development was the immediate color change that we
observed when adding BCA working solution to our recon-
stituted urine samples. We have not observed a similar
response from plasma, lavage fluid, cervico-vaginal fluid, or
tissue samples precipitated with the same kit and reconsti-
tuted in the same buffer. However, the color change was
very useful for enabling us to dilute samples easily and
ensure that they fell within the linear range of the BCA
assay, reducing the number of reruns required. Another
surprise was the differences that we observed between urine
and plasma samples; pellets from urine appeared to be
much more stable and easier to resolubilize than those from
plasma. The optimized method was applied to obtain total
protein concentrations from 77 biorepository samples. Al-
though creatinine is often used to normalize urine samples
and account for dilution, our results show that much more
consistent values were obtained for protein concentration
compared with creatinine, suggesting that protein might be
better than creatinine for normalizing urine samples. Fur-
ther refinements of the method may improve the ease of use
of this method with plasma samples. The cost of using the
2D Clean-up Kit may deter some researchers from its use;
this must be weighed against the potential for improved
total protein concentration measurement and resultant
ability to compare among disparate samples.
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